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(54) POLYBENZAZOLE FIBER WITH EXCELLENT DURABILITY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a polybenzazole fiber hardly causing reduction 
of strength even after a long-time exposure to a condition of high temperature, high 
humidity and light irradiation. 

SOLUTION: The polybenzazole fiber has >85% retention of a tensile strength after 700 
hr exposure to an atmosphere of 80° C temperature and 80% relative humidity, and 
>75% retention of the tensile strength after 100 hr irradiation with xenon light. 
Concretely, the fiber contains a highly heat-resistant organic pigment dissolvable in a 



BEST AVAILABLE COPY 



mineral acid and having >200° C thermal decomposition temperature, preferably the 
one having a~N= and/or-NH-group in the molecular structure, more preferably 
perinones and/or perylenes, phthalocyanines, quinacridones or dioxazines. 



LEGAL STATUS 

[Date of request for examination] 16.06.2005 
[Date of sending the examiners decision 
of rejection] 

[Kind of final disposal of application other 
than the examiners decision of rejection 
or application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiners 
decision of rejection] 

[Date of requesting appeal against 
examiners decision of rejection] 
[Date of extinction of right] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

Polybenzazole fiber by which it is being [ the tensile strength retention after being 
exposed for 700 hours under 80% ambient atmosphere of temperature relative 



humidity of 80 degrees C / 85% or more ] characterized. 
[Claim 2] 

Polybenzazole fiber according to claim 1 by which it is being [ the retention on the 
strength after xenon light 100 hour exposure / 50% or more ] characterized. 
[Claim 3] 

Polybenzazole fiber according to claim 1 characterized by including in fiber the organic 
pigment which pyrolysis temperature is 200 degrees C or more in high thermal 
resistance, and dissolves in a mineral acid. 
[Claim 4] 

The organic pigment contained in fiber is in the molecular structure. - Polybenzazole 
fiber according to claim 1 characterized by having N= and/or NH-radical. 
[Claim 5] 

Polybenzazole fiber according to claim 1 characterized by the organic pigments 
contained in fiber being peri non and/or perylenes. 
[Claim 6] 

Polybenzazole fiber according to claim 1 characterized by the organic pigments 
contained in fiber being phthalocyanines. 
[Claim 7] 

Polybenzazole fiber according to claim 1 characterized by the organic pigments 
contained in fiber being Quinacridone. 
[Claim 8] 

Polybenzazole fiber according to claim 1 characterized by the organic pigments 
contained in fiber being dioxazine. 



[Translation done.] 
DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the polybenzazole fiber which has the endurance which was 
excellent when exposed to the bottom of an elevated temperature and high humidity. 
[0002] 

[Description of the Prior Art] 

The polybenzazole fiber which consists of poly benzooxazole, polybenzothiazoles, or 



these copolymers is known as fiber which has high intensity and high thermal 

resistance. 

[0003] 

Usually, after polybenzazole fiber extrudes the dope containing the above-mentioned 
polymer, a copolymer, and an acid solvent from a spinneret, freezing characteristic — 
a fluid (mixed liquor of water or water, and an inorganic acid) — inside — being 
immersed — solidifying — making — further — a wash bath — inside — thorough — 
washing — most — a solvent — having removed — after — a sodium hydroxide — 
etc. — an inorganic base — a water solution — a tub — a passage — yarn — inside 
— extracting — not having — a ** — remaining — **** — an acid — having 
neutralized — after — drying — things — obtaining — having . 
[0004] 

Thus, polybenzazole fiber which can fully maintain reinforcement even if it is the case 
where improvement in the engine performance is further desired in recent years 
although it is used for various applications since thermal resistance is [ that it excels 
in a dynamics property, such as reinforcement, as the polybenzazole fiber 
manufactured was indicated above ] also high, and it is especially exposed to the 
bottom of an elevated temperature and high humidity for a long time is desired 
strongly. 
[0005] 

[Problem(s) to be Solved by the Invention] 

Then, this invention is made paying attention to the above-mentioned situation, and 
the object is offering the small polybenzazole fiber of lowering on the strength, even if 
long duration exposure is carried out under an elevated temperature and high humidity. 
[0006] 

[Means for Solving the Problem] 

this invention persons came to complete this invention at last, as a result of inquiring 
wholeheartedly, in order to solve the above-mentioned technical problem. By the 
organic pigment which pyrolysis temperature is 200 degrees C or more in high thermal 
resistance, and dissolves in a mineral acid It is in the molecular structure preferably. - 
by making peri non and/or perylenes, phthalocyanines, Quinacridone, or dioxazine 
contain in yarn also in what has N= and/or NH-radical The tensile strength retention 
after being exposed for 700 hours under 80% ambient atmosphere of temperature 
relative humidity of 80 degrees C came to complete a header and this invention for 
having 85% or more and the retention on the strength after xenon light 100-hour 
exposure having 75% or more further. 



That is, this invention consists of the following configuration. 

1. the tensile strength retention after being exposed for 700 hours under 80% ambient 
atmosphere of temperature relative humidity of 80 degrees C — 85% or more — a 
certain thing — the polybenzazole fiber by which it is characterized. 

2. Polybenzazole fiber of the 1st publication of the above by which it is being [ the 
retention on the strength after xenon light 100 hour exposure / 50% or more ] 
characterized. 

3. Polybenzazole fiber of the 1 st publication of the above characterized by including in 
fiber organic pigment which pyrolysis temperature is 200 degrees C or more in high 
thermal resistance, and dissolves in mineral acid. 

4. The organic pigment contained in fiber is in the molecular structure. - 
Polybenzazole fiber of the 1st publication of the above characterized by having N= 
and/or NH-radical. 

5. Polybenzazole fiber of the 1st publication of the above characterized by organic 
pigments contained in fiber being peri non and/or perylenes. 

6. Polybenzazole fiber of the 1st publication of the above characterized by organic 
pigments contained in fiber being phthalocyanines. 

7. Polybenzazole fiber of the 1st publication of the above characterized by organic 
pigments contained in fiber being Quinacridone. 

8. Polybenzazole fiber of the 1st publication of the above characterized by organic 
pigments contained in fiber being dioxazine. 

Hereafter, this invention is explained in full detail. 
[0007] 

Insoluble-azo-pigment, disazo condensation pigment, toner pigment, isoindolinone, iso 
indoline, dioxazine, and peri non, perylenes, phthalocyanines, and Quinacridone are 
mentioned as an organic pigment which the pyrolysis temperature in this invention has 
the high thermal resistance of 200 degrees C or more, and dissolves in a mineral acid. 
It is intramolecular also in it. - Dioxazine and peri non, what has N= and/or NH-radical 
is desirable, and is perylenes, phthalocyanines, and Quinacridone more preferably. 
[0008] 

As peri non and/or perylenes, screw bends imidazo [2 and 1~b:2\ The H] benzoflmn], 
and T[3, 8] phenanthroline 8, 17-dione, The bis-bends imidazo [2, 1-b:1\ 2-j] 
benzopmn], and [3, 8] phenanthroline 6, 9-dione, 2 and 9-bis(p-methoxybenzyl) anthra 
[— 2, 1, and 9-def: — 6, 5, and 10-dVf •— ] JIISO quinolines 1, 3, and 8 and 10(2H, 
9H)-Dacron — 2 and 9~bis(p-ethoxybenzyl) anthra [— 2, 1, and 9-def: — 6, 5, and 
10-dVf — ] JIISO quinolines 1, 3, and 8 and 10(2H, 9HH)acron — 2 and 9-bis(3, 



5-dimethylbenzyl) anthra [— 2, 1, and 9-def: — 6, 5, and 10-d'e'f — ] JIISO quinolines 
1, 3. and 8 and 10(2H, 9H)-Dacron — 2 and 9-bis(p-methoxypheny) anthra [ — 2, 1, 
and 9-def: — 6, 5, and 10-d'e'f — ] JIISO quinolines 1, 3, and 8 and 10(2H. 
9H)-Dacron — 2 and 9~bis(p-ethoxy phenyl) anthra [— 2, 1, and 9-def: — 6 t 5, and 
10-d'e'f — ] JHSO quinolines 1, 3, and 8 and 10(2H, 9H)-Dacron — 2 and 9-bis(3, 
5-dimethylphenyl) anthra [— 2, 1, and 9-def: — 6 t 5, and 10-dVf — ] JHSO quinolines 
1,3, and 8 and 10(2H, 9H)-Dacron — 2 and 9-dimethyl anthra [— 2, 1, and 9-def: — 6, 
5, and 10-d'eT — ] JIISO quinolines 1, 3, and 8 and 10(2H, 9H)~Dacron — 2 and 
9-bis(4-phenylazo phenyl) anthra [— 2, 1, and 9-def: — 6, 5, and 10-d'eT — ] JIISO 
quinolines 1, 3, and 8, 10(2H, 9H)-Dacron, 8, 16-pyran Indanthrene dione, etc. are 
raised. 

There may also be concomitant use of one or two compounds or more of these peri 

non. An addition is 0.1% - 10% preferably 0.01% to 20% to polybenzazole. 

[0009] 

As phthalocyanines, if it has the phthalocyanine frame, the metaled existence and the 
atomic species which are configurated at the core will not ask. As an example of these 
compounds, it is 29H and 31H-phtalo SHIANINETO (2-). - N29, N30, N31, N32 copper, 
29H and 31H-phtalo SHIANINETO (2-) - N29, N30, N31, N32 iron, 29H and 31 H-phtalo 
SHIANINETO - N29, N30, N31, N32 cobalt, 29H and 31 H-phtalo SHIANINETO (2-) - 
N29, N30, N31, N32 copper, oxo-(29H and 31 H-phtalo SHIANINETO (2-) - N29, N30, 
N31, N32) one, titanium (SP-5-12), etc. are raised. Moreover, these phthalocyanine 
frames may have substituents, such as one or more halogen atoms, a methyl group, 
and a methoxy group. 

There may also be concomitant use of one or two compounds or more of these 
phthalocyanines. An addition is 0.1% - 10% preferably 0.01% to 20% to polybenzazole. 
[0010] 

As Quinacridone, 5 and 12-dihydro2 and 9-dimethyl kino [2 and 3-b] acridine 7, 

14-dione, The 5 and 1 2-dihydrokino [2 and 3-b] acridine 7, 14-dione, 5 and 

12-dihydro2 and 9-dichloro kino [2 and 3-b] acridine 7, 14-dione, 5, and 12-dihydro2 

and 9-dibromo kino [2 and 3-b] acridine 7, 14-dione, etc. are raised. 

There may also be concomitant use of one or two compounds or more of these 

Quinacridone. An addition is 0.1% - 10% preferably 0.01% to 20% to polybenzazole. 

[0011] 

dioxazine — a kind — ****** — nine — 19 - dichloro - five — 15 - diethyl - five — 
15 - dihydro one — JIINDORO — [ — two — three — c — : — two — ' — three — ' 
- n — ] — triphenodioxazine — eight — 18 - dichloro - five — 15 - diethyl - five — 



15 - dihydro one — JIINDORO — [ — three — two - b — : — three — ' — two — ' 
- m — ] — triphenodioxazine — etc. etc. — mentioning — having . There may also be 
concomitant use of one or two compounds or more of these dioxazine. an addition — 
polybenzazole — receiving — 0.01%- it is 0.1%-10% preferably 20%. 
[0012] 

Moreover, concomitant use of two or three compounds or more of perylenes, peri non, 

phthalocyanines, Quinacridone, and dioxazine is also possible. 

Of course, this invention technical content is not limited to these. 

[0013] 

The polybenzazole fiber in this invention means the fiber which consists of a 
polybenzazole polymer, and polybenzazole (PBZ) means one or more sorts of 
polymers chosen from the poly benzooxazole (PBO), polybenzothiazole (PBT), or 
polybenzimidazole (PBI). In this invention, PBO says the polymer containing the 
oxazole ring combined with the aromatic series radical, and there is no need that the 
aromatic series radical is not necessarily the benzene ring. Furthermore, the polymer 
which PBO becomes from the unit of two or more oxazole rings combined with Pori 
(p-phenylene benzoscrew oxazole) or an aromatic series radical is contained widely. 
The same view is applied also to PBT or PBI. moreover, PBO and PBT — and — or 
the mixture of two or the polybenzazole polymers beyond it, such as a block of the 
mixture of PBI, and PBO, PBT and PBI or a random copolymer, a copolymer, and block 
polymer are also contained. Preferably, polybenzazole is a rye OTORO pick liquid 
crystal polymer which forms liquid crystal by specific concentration among a mineral 
acid. 
[0014] 

As a structural unit included in a PBZ polymer, it is preferably chosen from a rye 
OTORO pick liquid crystal polymer. The polymer concerned is a structure expression, 
(a) It consists of the monomeric unit indicated by - (i). 
[Formula 1] 




[0015] 

Although polybenzazole fiber is manufactured from the solution (PBZ polymer dope) 
of a polybenzazole polymer, as a suitable solvent for preparing the dope concerned, 
the mineral acid of a non-oxidizing quality which may dissolve cresol and its polymer is 
mentioned. As an example of a suitable non-oxidizing quality mineral acid, 
polyphosphoric acid, methansulfonic acid and high-concentration sulfuric acids, or 



those mixture are mentioned. Polyphosphoric acid and methansulfonic acid are 

polyphosphoric acid most preferably also in it. 

[0016] 

The polymer concentration in a dope is 1 - 20% preferably 1 to 30%. The maximum 
concentration is limited by the handling nature after [ actual ] calling it the solubility of 
a polymer, and dope viscosity. For those marginal factors, polymer concentration does 
not exceed 20 % of the weight by usual. 
[0017] 

In this invention, a polymer or a suitable copolymer, and a suitable dope are 
compounded by the well-known approach. For example, it is indicated by Wolfe's and 
others U.S. Pat. No. 4,533,693 description (1985. 8.6), Sybert's and others U.S. Pat. No. 
4,772,678 description (1988. 9.22), the U.S. Pat. No. 4,847,350 description (1989. 7.1 1) 
of Harris, or Gregorys and others U.S. Pat. No. 5,089,591 description (1992. 2.18). 
When it summarizes, a suitable monomer is made to react among the acid solution of 
dewaterability by the non-oxidizing quality at a non-oxidizing atmosphere by gradual 
from about 60 degrees C of bases of high-speed churning and high shearing conditions 
before 230 degrees C, or raising temperature with a fixed programming rate. 
[0018] 

Thus, the dope obtained is extruded from a spinneret, and it extends in space, and is 
formed in a filament. The suitable manufacturing method is indicated by the reference 
and the U.S. Pat. No. 5,034,250 description which were described previously. The dope 
which came out of the spinneret goes into the space between a spjhneret and a 
washing bus. Although this space is generally called the air gap, it is not necessary to 
be air. Without this space removing a solvent, it needs to be filled with the dope and 
the solvent which does not react, for example, air, nitrogen, an argon, helium, a carbon 
dioxide, etc. are mentioned. 
[0019] 

The filament behind spinning is washed in order to avoid too much drawing, and some 
solvents are removed. And it is washed further, and is suitably neutralized by inorganic 
bases, such as a sodium hydroxide, a calcium hydroxide, and a potassium hydroxide, 
and almost all solvents are removed. Washing here is being compatibility, contacting 
fiber or a filament into the liquid which does not serve as a solvent to a polybenzazole 
polymer, and removing an acid solvent from a dope to the mineral acid which is 
dissolving the polybenzazole polymer. There is mixture of water, water, and an acid 
solvent as a suitable penetrant remover object. A filament is desirable and 8000 ppm 
or less of residual mineral-acid concentration are washed by 5000 ppm or less still 



more preferably. Then, as for a filament desiccation, heat treatment rolling up, etc. 

are performed if needed. 

[0020] 

The first description of the polybenzazole fiber concerning this invention is that the 
organic pigment is included, and, thereby, the tensile strength retention after being 
exposed for 700 hours under 80% ambient atmosphere of temperature relative 
humidity of 80 degrees C can attain 85% or more. Like the above-mentioned, pyrolysis 
temperature is 200 degrees C or more, it dissolves in a mineral acid, and an organic 
pigment here is in the molecular structure preferably. - It is the pigment which has N= 
and/or NH- Peri non, they are perylenes, phthalocyanines, Quinacridone, or dioxazine 
more preferably. Moreover, a mineral acid is methysulfonic acid or polyphosphoric acid. 
[0021] 

It is not limited but can be made to contain especially as an approach of making these 
organic pigments containing in yarn, in which phase of the polymerization of 
polybenzazole, or the phase of the polymer dope at the time of polymerization 
termination. For example, it adds in the system of reaction at gradual or the approach 
of adding at the event of the arbitration to which raise temperature and it is made to 
react with a fixed programming rate, and the time of polymerization reaction 
termination, and the approach of teaching an organic pigment simultaneous, in case 
the raw material of polybenzazole is prepared, and the approach of carrying out 
churning mixing are desirable. 
[0022] 

50 degrees C or more of organic pigments are fixed by usually drying a filament below 
300 degrees C after rinsing. The tensile strength retention after desiccation 
processing has 80% or more to the polybenzazole fiber which does not contain the 
organic pigment, and there are few adverse effects to the polymer by desiccation 
processing. 
[0023] 

The second description of the polybenzazole fiber concerning this invention is held 
good, without the organic pigment in the inside of yarn serving as a fault, and the early 
age strength of fiber falling. Moreover, the spinnable properties at the time of spinning 
are also good, and good operability without the thread breakage is maintained. Since 
the added pigment dissolves in a mineral acid, this is guessed because it is dissolving 
also in a polymer dope. Since early yarn reinforcement will become low by the 
increment in filament fineness if an organic pigment content exceeds 20%, it is not 
desirable. 



[0024] 

The third description of the polybenzazole fiber concerning this invention is 
improvement in lightfastness. Usually, if polybenzazole fiber is put to sunlight for a 
longtime, it is known that the reinforcement will fall. For example, in the case of Pori 
(p-phenylene benzoscrew oxazole) fiber, the reinforcement falls to about 15 to 30% to 
early age strength by exposure for xenon light 100 hours. On the other hand, for the 
fiber which made the high thermal-resistance organic pigment contain in the fiber of 
this invention, the reinforcement after a xenon light 100-hour exposure is preferably 
held 75% or more 50% or more to early age strength. 
[0025] 

About the chemical existence condition of the high thermal-resistance organic 
pigment in the interior of fiber, or its operation, it does not understand clearly. Since 
the high thermal-resistance organic pigment molecule is filled in the micro void in 
polybenzazole fiber, Whether even if long duration exposure is carried out under an 
elevated temperature and high humidity, the steam from outside stops being able to 
reach a polybenzazole molecule easily, and lowering on the strength stops being able 
to happen easily Or whether lowering on the strength is controlled by an organic 
pigment's catching the hydrogen ion which the mineral acid which remains in 
polybenzazole fiber dissociated with moisture, and emitted, and carbonating the inside 
of a system Or the high thermal-resistance organic pigment which has the developed 
conjugated system catching the radical generated in a certain reason in fiber, and 
stabilizing the inside of a system etc. is presumed. 
[0026] 

It can say that the same is said of lightfastness. This invention is not restrained by 
this consideration although the function of a high thermal-resistance organic pigment 
catching the radical generated by the interaction with returning promptly the 
polybenzazole molecule excited by that an optical exposure is eased by the 
protection-from-light effectiveness or optical exposure to a ground state or an 
oxygen molecule etc., and stabilizing the inside of a system etc. is presumed. 
[0027] 
[Example] 

Although an example is used for below and this invention is concretely explained to it, 
of course, it is also possible to add and carry out modification suitably [ this invention 
/ in the range which does not receive a limit according to the following example and 
may suit the main point of the account of order ] from the first, and each of they is 
contained in the technical range of this invention. 



[0028] 

The assessment approach is as follows. 

Where fiber is twisted around a paper tube with a diameter of 10cm, assessment of 
the lowering on the strength under an elevated temperature and high humidity 
evaluated the sample by the retention on the strength after processing of as opposed 
to [ as opposed to / in the inside of a thermo hygrostat / ejection ] the reinforcement 
before operation and processing at a room temperature in the tension test, an 
elevated temperature and after carrying out high humidity storage processing, 
whenever [ in addition, / high-humidity /temperature ] — the storage trial in the 
bottom the Yamato science company make — Humidic Chamber 1 G43M were used, 
and processing was carried out under 80 degrees C and conditions of 80% of relative 
humidity for 700 hours. 
[0029] 

Yarn measurement on the strength: Retention on the strength measured the tensile 
strength before and behind storage whenever [ high-humidity/temperature ], and 
**(ed) and asked [ whenever / high-humidity /temperature ] for the tensile strength 
after a storage trial with the tensile strength before a storage trial whenever 
[ high-humidity/temperature ]. In addition, measurement of tensile strength was 
measured using the tension tester (the Shimadzu make, type AG-50KNG) according 
to JIS-L1013. 
[0030] 

Metal density measurement: The residual Lynn concentration in a filament hardened 
the sample to the pellet type, and measured it using the fluorescence-X-rays 
measuring device (Philips PW1404/DY685), and sodium concentration was measured 
by the neutron activation-analysis method. 
[0031] 

An optical exposure test: The film was fixed to the metal frame and it set in equipment, 
and the quartz was used for the inside filter lens, BOROSHIRIKETO and Type S were 
used [ the water-cooled xenon arc type weather meter (atlas company make, formal 
Ci35A) was used ] for the outside filter lens, and continuous irradiation was performed 
at humidity:50%**5% for 100 hours in irradiance:0.35 W/m2 (at 340nm), black panel 
temperature:60 degree C**3 degree C, and a chamber. 
[0032] 

Spinning: Spinning was performed on conditions from which the diameter of a filament 
becomes 11.5 micrometers and 1.5 deniers. the spinning temperature of 175 degrees 
C 180 micrometers of apertures, and a hole — it extruded during the 1st washing 



bath arranged so that a filament may be completed from the nozzle of a~166 number 
in a suitable location and it may be made multifilament. The quenching chamber was 
installed in the air gap between a spinning nozzle and the 1st washing bath so that a 
filament might be extended at more uniform temperature. Air gap length could be 
30cm. The filament was spun in 60-degree C air. The take-up-machine rate was 
considered as a part for 200m/ t and spinning draw magnification was set to 30. It 
rinsed until the residual phosphoric-acid concentration in polybenzazole fiber was set 
to 6000 ppm or less. Furthermore, after carrying out the period sum for 10 seconds in 
a NaOH water solution 1%, it dried for 3 minutes at 200 degrees C after rinsing for 30 
seconds, and yarn was rolled round to the yarn tube. 
[0033] 
(Example 1) 

It reacted at 135 degrees C, and after agitating 4, 334.5g of 6-diamino resorcinol 
dihydrochloride, 260.8g of terephthalic acids, and 2078.2 g 122% polyphosphoric acid 
for 30 minutes at 60 degrees C, temperature up is carried out slowly, and you made it 
react at 170 degrees C by 150 degrees C under a nitrogen air current for 20 hours for 
5 hours for 20 hours. The intrinsic viscosity measured with the obtained 30-degree C 
methansulfonic acid solution is 29H and 31H-phtalo SHIANINETO (2-) to Pori 
(p-phenylene benzoscrew oxazole) dope 2.0kg of 30 dL/g. - N29, N30, N31, and 15.2g 
of N32 copper were added, and churning mixing was carried out. Then, spinning was 
carried out by the above-mentioned approach. Thus, the result of having performed 
the storage trial (80 degrees C, 80RH%) and the optical exposure test whenever 
[ high-humidity/temperature / of the obtained yarn ] is shown in a table 1. 
[0034] 
(Example 2) 

Bis-bends imidazo [2 and 1-b:2\ 1-i] benzo[lmn], and [3, 8] phenanthroline 8 and 
17-dione 15.2g was added to Pori (p-phenylene benzoscrew oxazole) dope 2.0kg of 
proper fiscal year 29 dL/g obtained like the example 1, and churning mixing was 
carried out. Then, spinning was carried out by the above-mentioned approach. Thus, 
the result of having performed the storage trial (80 degrees C, 80RH%) and the optical 
exposure test whenever [ high-humidity /temperature / of the obtained yarn ] is 
shown in a table 1. 
[0035] 
(Example 3) 

an example — one — the same — carrying out — obtaining — having had — a proper 
a fiscal year — 29 — dL/g — Pori (p-phenylene benzoscrew oxazole) — a dope — 



2.0 — kg — nine — 19 - dichloro - five — 15 - diethyl - five — 15 - dihydro one — 
JIINDORO — [— two — three - c — : — two — ' — three — T - n — ] — 
triphenodioxazine — 15.2 — g — adding — churning mixing — having carried out . 
Then, spinning was carried out by the above-mentioned approach. Thus, the result of 
having performed the storage trial (80 degrees C, 80RH%) and the optical exposure 
test whenever [ high-humidity /temperature / of the obtained yarn ] is shown in a 
table 1. 
[0036] 
(Example 4) 

Bottom of nitrogen air current, 4 and 334.5g of 6-diamino resorcinol dihydrochloride, 
260.8g [ of terephthalic acids ], screw bends imidazo [2, and 1-b:2\ It reacted at 135 
degrees C, and after agitating -i] benzo[lmn], and 1'[3, 8] phenanthroline 8 and 
17-dione 19.4g and 2078.2 g 122% polyphosphoric acid for 30 minutes at 60 degrees C, 
temperature up is carried out slowly, and you made it react at 170 degrees C by 150 
degrees C for 20 hours for 5 hours for 20 hours. The intrinsic viscosity measured with 
the 30-degree C methansulfonic acid solution carried out spinning of the polymer 
dope of the poly para-phenylene benzoscrew oxazole of 26 dL/g by the 
above-mentioned approach. Thus, the result of having performed the storage trial (80 
degrees C, 80RH%) and the optical exposure test whenever 
[ high-humidity /temperature / of the obtained yarn ] is shown in a table 1. 
[0037] 
(Example 5) 

The bottom of a nitrogen air current, 4 and 334.5g of 6-diamino resorcinol 
dihydrochloride, terephthalic acids 260.8g and 29H, 31H-phtalo SHIANINETO (2-) - It 
reacted at 135 degrees C, and after agitating N29, N30, N31, 19.4g of N32 copper, and 
122% polyphosphoric acid 2078.2 for 30 minutes at 60 degrees C, temperature up is 
carried out slowly, and you made it react at 170 degrees C by 150 degrees C for 20 
hours for 5 hours for 20 hours. The intrinsic viscosity measured with the 30-degree C 
methansulfonic acid solution carried out spinning of the polymer dope of the poly 
para-phenylene benzoscrew oxazole of 28 dL/g by the above-mentioned approach. 
Thus, the result of having performed the storage trial (80 degrees C, 80RH%) and the 
optical exposure test whenever [ high-humidity /temperature / of the obtained yarn ] 
is shown in a table 1. 
[0038] 
(Example 6) 

It reacted at 135 degrees C, and after agitating 4, 334.5g [ of 6-diamino resorcinol 



dihydrochloride ], 260.8g [ of terephthalic acids ], and Phthalocyanine Green 19.4g, 
and 2078.2 g 122% polyphosphoric acid for 30 minutes at 60 degrees C, temperature 
up is carried out slowly, and you made it react at 170 degrees C by 150 degrees C 
under a nitrogen air current for 20 hours for 5 hours for 20 hours. The intrinsic 
viscosity measured with the 30-degree C methansulfonic acid solution carried out 
spinning of the polymer dope of the poly para-phenylene benzoscrew oxazole of 28 
dL/g by the above-mentioned approach. Thus, the result of having performed the 
storage trial (80 degrees C, 80RH%) and the optical exposure test whenever 
[ high-humidity /temperature / of the obtained yarn ] is shown in a table 1. 
[0039] 
(Example 7) 

It reacted at 135 degrees C, and after agitating 4, 334.5g [ of 6-diamino resorcinol 
dihydrochloride ], terephthalic-acidsg [ 260.8 ] and 5, -2 and 12-dihydro9-dimethyl 
kino [2 and 3-b] acridine -7, and 14-dione 19.4g, and 2078.2 g 122% polyphosphoric 
acid for 30 minutes at 60 degrees C, temperature up is carried out slowly, and you 
made it react at 170 degrees C by 150 degrees C under a nitrogen air current for 20 
hours for 5 hours for 20 hours. The intrinsic viscosity measured with the 30-degree C 
methansulfonic acid solution carried out spinning of the polymer dope of the poly 
para-phenylene benzoscrew oxazole of 24 dL/g by the above-mentioned approach. 
Thus, the result of having performed the storage trial (80 degrees C, 80RH%) and the 
optical exposure test whenever [ high-humidity /temperature / of the obtained yarn ] 
is shown in a table 1. 
[0040] 
(Example 8) 

The bottom of a nitrogen air current, 4 and 334.5g of 6-diamino resorcinol 
dihydrochloride, 260.8g of terephthalic acids, screw bends imidazo [2, 1-b:1\ It 
reacted at 135 degrees C, and after agitating -j] benzo[lmn], and 2'[3, 8] 
phenanthroline 6 and 9-dione 19.4g and 2078.2 g 122% polyphosphoric acid for 30 
minutes at 60 degrees C, temperature up is carried out slowly, and you made it react 
at 1 70 degrees C by 150 degrees C for 20 hours for 5 hours for 20 hours. The intrinsic 
viscosity measured with the 30-degree C methansulfonic acid solution carried out 
spinning of the polymer dope of the poly para-phenylene benzoscrew oxazole of 28 
dL/g by the above-mentioned approach. Thus, the result of having performed the 
storage trial (80 degrees C, 80RH%) and the optical exposure test whenever 
[ high-humidity /temperature / of the obtained yarn ] is shown in a table 1. 
[0041] 



(Example 9) 

Under a nitrogen air current 4, 334.5g of 6-diamino resorcinol dihydrochloride, 
terephthalic acids 260.8g and 2, and 9-bis(p-methoxybenzyl) anthra [ — 2, 1, and 
9-def: — 6, 5, and 10-d e'f — ] JIISO quinoline -1, and 3 and 8 — ten It reacted at 
135 degrees C, and after agitating 2H and (9H)-Dacron 19.4g and 2078.2 g 122% 
polyphosphoric acid for 30 minutes at 60 degrees C, temperature up is carried out 
slowly, and you made it react at 1 70 degrees C by 150 degrees C for 20 hours for 5 
hours for 20 hours. The intrinsic viscosity measured with the 30-degree C 
methansulfonic acid solution carried out spinning of the polymer dope of the poly 
para-phenylene benzoscrew oxazole of 28 dL/g by the above-mentioned approach. 
Thus, the result of having performed the storage trial (80 degrees C, 80RH%) and the 
optical exposure test whenever [ high-humidity /temperature / of the obtained yarn ] 
is shown in a table 1. 
[0042] 

(Example 10) 

It reacted at 135 degrees C, and after agitating 4, 334.5g [ of 6-diamino resorcinol 
dihydrochloride ], terephthalic-acidsg [ 260.8 ] and 5, 12-dihydrokino [2 and 3~b] 
acridine -7, and 14-dione 19.4g, and 2078.2 g 122% polyphosphoric acid for 30 minutes 
at 60 degrees C, temperature up is carried out slowly, and you made it react at 1 70 
degrees C by 150 degrees C under a nitrogen air current for 20 hours for 5 hours for 
20 hours. The intrinsic viscosity measured with the 30-degree C methansulfonic acid 
solution carried out spinning of the polymer dope of the poly para-phenylene 
benzoscrew oxazole of 26 dL/g by the above-mentioned approach. Thus, the result of 
having performed the storage trial (80 degrees C, 80RH%) and the optical exposure 
test whenever [ high-humidity /temperature / of the obtained yarn ] is shown in a 
table 1. 
[0043] 

(Example 11) 

It reacted at 120 degrees C, and after adding 4, 334.5 g 6-diamino resorcinol 
dihydrochloride, and a 252.7 g terephthalic acid and agitating for 30 minutes at 60 
degrees C the bottom of a nitrogen air current, and in 122% polyphosphoric acid 
2165.5g, temperature up is carried out slowly, and you made it react at 150 degrees C 
by 135 degrees C for 5 hours for 20 hours for 3.5 hours. Furthermore, they are 
terephthalic acids 5.6g and 29H and 31H-phtalo SHIANINETO (2-) to this oligomer 
dope. - After adding the dispersion liquid which added N29, N30, N31, and 19.2gof N32 
copper to 74.4g of polyphosphoric acid 116%, you made it react at 200 degrees C by 



170 degrees C for 10 hours for 5 hours. The intrinsic viscosity measured with the 
30-degree C methansulfonic acid solution carried out spinning of the polymer dope of 
the poly para-phenylene benzoscrew oxazole of 26 dL/g by the above-mentioned 
approach. Thus, the result of having performed the storage trial (80 degrees C, 
80RH%) and the optical exposure test whenever [ high-humidity/temperature / of the 
obtained yarn ] is shown in a table 1. 
[0044] 

(Example 12) 

It reacted at 120 degrees C, and after adding 4, 334.5 g 6-diamino resorcinol 
dihydrochloride, and a 252.7 g terephthalic acid and agitating for 30 minutes at 60 
degrees C the bottom of a nitrogen air current, and in 122% polyphosphoric acid 
2165.5g, temperature up is carried out slowly, and you made it react at 150 degrees C 
by 135 degrees C for 5 hours for 20 hours for 3.5 hours. After adding the 5.6g [ of 
terephthalic acids ], bis-bends imidazo [2 and 1-b:2\ 1H] benzo[lmn], and [3, 8] 
phenanthroline 8, and the dispersion liquid which added 17-dione 19.2g to 74.4g of 
polyphosphoric acid 116% to this oligomer dope furthermore, you made it react at 200 
degrees C by 170 degrees C for 10 hours for 5 hours. The intrinsic viscosity measured 
with the 30-degree C methansulfonic acid solution carried out spinning of the polymer 
dope of the poly para-phenylene benzoscrew oxazole of 28 dL/g by the 
above-mentioned approach. Thus, the result of having performed the storage trial (80 
degrees C, 80RH%) and the optical exposure test whenever 
[ high-humidity/temperature / of the obtained yarn ] is shown in a table 1. 
[0045] 

(Example 13) 

It reacted at 120 degrees C f and after adding 2, 334.5 g 4-diamino resorcinol 
hydrochloride, and a 252.7 g terephthalic acid and agitating for 30 minutes at 60 
degrees C the bottom of a nitrogen air current, and in 122% polyphosphoric acid 
2165.5g, temperature up is carried out slowly, and you made it react at 150 degrees C 
by 135 degrees C for 5 hours for 20 hours for 3.5 hours, further — this oligomer dope 
— the dispersion liquid to the inside of 74.4g of 116% polyphosphoric acid of 5.6g of 
terephthalic acids, and 3 and 3' - [(2-methyl -1, 3-phenylene) diimino] screw [4, 5 and 
6, and 7-tetra-chloro-1H- iso — after adding indole-1~ON]19.2g dispersion liquid of 
76.8g of 116% polyphosphoric acid, you made it react at 200 degrees C by 1 70 degrees 
C for 10 hours for 5 hours The intrinsic viscosity measured with the 30-degree C 
methansulfonic acid solution carried out spinning of the polymer dope of the poly 
para-phenylene benzoscrew oxazole of 27 dL/g by the above-mentioned approach. 



Thus, the result of having performed the storage trial (80 degrees C, 80RH%) and the 
optical exposure test whenever [ high-humidity /temperature / of the obtained yarn ] 
is shown in a table 1. 
[0046] 

(Example 14) 

It reacted at 135 degrees C, and after agitating 2, 334.5g [ of 4-diamino resorcinol 
hydrochlorides ], terephthalic-acidsg [ 260.8 ] and 8, and 16-pyran Indanthrene dione 
19.4g, and 2078.2 g 122% polyphosphoric acid for 30 minutes at 60 degrees C, 
temperature up is carried out slowly, and you made it react at 170 degrees C by 150 
degrees C under a nitrogen air current for 20 hours for 5 hours for 20 hours. The 
intrinsic viscosity measured with the 30-degree C methansulfonic acid solution 
carried out spinning of the polymer dope of the poly para-phenylene benzoscrew 
oxazole of 26 dL/g by the above-mentioned approach. Thus, the result of having 
performed the storage trial (80 degrees C, 80RH%) and the optical exposure test 
whenever [ high-humidity /temperature / of the obtained yarn ] is shown in a table 1. 
[0047] 

(Example 15) 

It reacted at 120 degrees C, and after adding 2, the 5-diamino -1, 384.9 g 4-benzene 
dithiol dihydrochloride, and a 252.7 g terephthalic acid and agitating for 30 minutes at 
60 degrees C the bottom of a nitrogen air current, and in 122% polyphosphoric acid 
2165.5g f temperature up is carried out slowly, and you made it react at 150 degrees C 
by 135 degrees C for 5 hours for 20 hours for 3.5 hours. Furthermore, they are 
terephthalic acids 5.6g and 29H and 31H-phtalo SHIANINETO (2-) to this oligomer 
dope. - After adding the dispersion liquid which added N29, N30, N31 , and 22.0g of N32 
copper to 74.4g of polyphosphoric acid 116%, you made it react at 200 degrees C by 
170 degrees C for 5 hours for 5 hours. The intrinsic viscosity measured with the 
30-degree C methansulfonic acid solution carried out spinning of the polymer dope of 
the poly para-phenylene benzoscrew thiazole of 26 dL/g by the above-mentioned 
approach. Thus, the result of having performed the storage trial (80 degrees C, 
80RH%) and the optical exposure test whenever [ high-humidity /temperature / of the 
obtained yarn ] is shown in a table 1. 
[0048] 

(Example 16) 

Under a nitrogen air current, They are the 3~amino-4-hydroxybenzoic acids 300.0g 
and 29H and 31H-phtalo SHIANINETO (2-) in 787.0g of 116% polyphosphoric acid, and 
the polyphosphoric acid adjusted from 263g of diphosphorus pentaoxides. - N29, N30, 



N31, and 12.1 g of N32 copper are added. After agitating for 30 minutes at 60 degrees 
C, temperature up is carried out slowly, and you reacted at 150 degrees C by 135 
degrees C, and made it react [ 120 degrees C / for 3.5 hours / for 20 hours ] at 200 
degrees C by 1 70 degrees C for 5 hours for 5 hours for 5 hours. The intrinsic viscosity 
measured with the 30-degree C methansulfonic acid solution carried out spinning of 
the polymer dope of the poly benzooxazole of 12 dL/g by the above-mentioned 
approach. Thus, the result of having performed the storage trial (80 degrees C, 
80RH%) and the optical exposure test whenever [ high-humidity /temperature / of the 
obtained yarn ] is shown in a table 1. 
[0049] 

(Example 17) 

After adding 300.0g [ of 3-amino~4-hydroxybenzoic acids ], and Phthalocyanine 
Green 12.1g in the polyphosphoric acid adjusted from 787.0g of bottom of nitrogen air 
current, and 116% polyphosphoric acid, and 263g of diphosphorus pentaoxides and 
agitating for 30 minutes at 60 degrees C ? temperature up is carried out slowly, and you 
reacted at 20 hours and 150 degrees C by 3.5 hours and 135 degrees C, and made it 
react [ 120 degrees C ] at 5 hours and 200 degrees C by 5 hours and 170 degrees C 
for 5 hours. The intrinsic viscosity measured with the 30-degree C methansulfonic 
acid solution carried out spinning of the polymer dope of the poly benzooxazole of 1 1 
dL/g by the above-mentioned approach. Thus, the result of having performed the 
storage trial (80 degrees C, 80RH%) and the optical exposure test whenever 
[ high-humidity /temperature / of the obtained yarn ] is shown in a table 1. 
[0050] 

(Example 18) 

Under a nitrogen air current, in 787.0g of 116% polyphosphoric acid, and the 
polyphosphoric acid adjusted from 263g of diphosphorus pentaoxides 300.0g [ of 
3-amino-4-hydroxybenzoic acids ], screw bends imidazo [2, and 1-b:2\ After adding 
-i] benzo[lmn], and 1*[3, 8] phenanthroline 8 and 17-dione 12.1g and agitating for 30 
minutes at 60 degrees C, Temperature up is carried out slowly, and you reacted at 150 
degrees C by 135 degrees C, and made it react [ 120 degrees C / for 3.5 hours / for 
20 hours ] at 200 degrees C by 170 degrees C for 5 hours for 5 hours for 5 hours. The 
intrinsic viscosity measured with the 30-degree C methansulfonic acid solution 
carried out spinning of the polymer dope of the poly benzooxazole of 10 dL/g by the 
above-mentioned approach. Thus, the result of having performed the storage trial (80 
degrees C, 80RH%) and the optical exposure test whenever 
[ high-humidity /temperature / of the obtained yarn ] is shown in a table 1. 



[0051] 

(Example 19) 

Under a nitrogen air current, in 787.0g of 116% polyphosphoric acid, and the 
polyphosphoric acid adjusted from 263g of diphosphorus pentaoxides 440.9g [ of 3 and 
4-diamino benzoic-acid dihydrochloride ], screw bends imidazo [2, and 1-b:2\ After 
adding H] benzo[lmn], and 1'[3, 8] phenanthroline 8 and 17-dione 8.1 g and agitating for 
30 minutes at 60 degrees C, Temperature up is carried out slowly, and you reacted at 
150 degrees C by 135 degrees C, and made it react [ 120 degrees C / for 3.5 hours / 
for 20 hours ] at 200 degrees C by 1 70 degrees C for 5 hours for 5 hours for 5 hours. 
The intrinsic viscosity measured with the 30-degree C methansulfonic acid solution 
carried out spinning of the polymer dope of the poly benzimidazole of 9 dL/g by the 
above-mentioned approach. Thus, the result of having performed the storage trial (80 
degrees C, 80RH%) and the optical exposure test whenever 
[ high-humidity/temperature / of the obtained yarn ] is shown in a table 1. 
[0052] 

(Example 1 of a comparison) 

It reacted at 135 degrees C, and after agitating 4, 334.5g of 6-diamino resorcinol 
dihydrochloride, 260.8g of terephthalic acids, and 2078.2 g 122% polyphosphoric acid 
for 30 minutes at 60 degrees C, temperature up is carried out slowly, and you made it 
react at 170 degrees C by 150 degrees C under a nitrogen air current for 20 hours for 
5 hours for 20 hours. The intrinsic viscosity measured with the obtained 30-degree C 
methansulfonic acid solution carried out spinning by the above-mentioned approach 
using Pori (p-phenylene benzoscrew oxazole) dope 2.0kg of 30 dL/g. Thus, the result 
of having performed the storage trial (80 degrees C, 80RH%) and the optical exposure 
test whenever [ high-humidity /temperature / of the obtained yarn ] is shown in a 
table 1. 
[0053] 

(Example 2 of a comparison) 

Under the nitrogen air current, after agitating 4, 334.5g [ of 6-diamino resorcinol 
dihydrochloride ], 260.8g [ of terephthalic acids, and safranine 19.4g, and 2078.2 g 
122% polyphosphoric acid for 30 minutes at 60 degrees C, when it carried out 
temperature up slowly, and it reacts at 135 degrees C and you made it react at 170 
degrees C by 150 degrees C for 20 hours for 5 hours for 20 hours, it was black, and it 
became the lump of the shape of rubber without stringiness, and spinning was not able 
to be carried out. 
[0054] 



(Example 3 of a comparison) 

Under the nitrogen air current, after agitating 4, 334.5g [ of 6-diamino resorcinol 
dihydrochloride ], 260.8g [ of terephthalic acids, and aniline black 19.4g, and 2078.2 g 
122% polyphosphoric acid for 30 minutes at 60 degrees C, when it carried out 
temperature up slowly, and it reacts at 135 degrees C and you made it react at 170 
degrees C by 150 degrees C for 20 hours for 5 hours for 20 hours, it was black, and it 
became the lump of the shape of rubber without stringiness, and spinning was not able 
to be carried out. 
[0055] 

(Example 4 of a comparison) 

Bottom of nitrogen air current, 4 and 334.5g of 6-diamino resorcinol dihydrochloride, 
260.8g [ of terephthalic acids ], screw bends imidazo [2, and 1-b:2\ It reacted at 135 
degrees C, and after agitating -i] benzo[lmn], and T[3, 8] phenanthroline 8 and 
17-dione 50.4g and 2078.2 g 122% polyphosphoric acid for 30 minutes at 60 degrees C, 
temperature up is carried out slowly, and you made it react at 170 degrees C by 150 
degrees C for 20 hours for 5 hours for 20 hours. Although the intrinsic viscosity 
measured with the 30-degree C methansulfonic acid solution tried spinning for the 
polymer dope of the poly para-phenylene benzoscrew oxazole of 26 dL/g by the 
above-mentioned approach, since the thread breakage directly under a spinning 
nozzle occurred frequently, spinning was not able to be carried out. 
[0056] 

(Example 5 of a comparison) 

Bottom of nitrogen air current, 4 and 334.5g of 6-diamino resorcinol dihydrochloride, 
260.8g [ of terephthalic acids ], screw bends imidazo [2, and 1-b:2\ It reacted at 135 
degrees C, and after agitating H] benzo[lmn], and 1'[3, 8] phenanthroline 8 and 
17-dione 3.4g and 2078.2 g 122% polyphosphoric acid for 30 minutes at 60 degrees C, 
temperature up is carried out slowly, and you made it react at 170 degrees C by 150 
degrees C for 20 hours for 5 hours for 20 hours. The intrinsic viscosity measured with 
the 30-degree C methansulfonic acid solution carried out spinning of the polymer 
dope of the poly para-phenylene benzoscrew oxazole of 26 dL/g by the 
above-mentioned approach. Thus, the result of having performed the storage trial (80 
degrees C, 80RH%) and the optical exposure test whenever 
[ high-humidity /temperature / of the obtained yarn ] is shown in a table 1. 
[0057] 

The above result is summarized in a table 1. Compared with the example of a 
comparison, the polybenzazole fiber of an example is understood that the retention on 



the strength after being exposed downward whenever [ high-humidity/temperature ], 
and after being exposed to xenon light is dramatically high so that more clearly than a 
table 1. 
[0058] 
[A table 1] 
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[0059] 

Since according to this invention the polybenzazole fiber which can fully maintain 
reinforcement can be offered even if it is the case where it is exposed to the bottom 
of an elevated temperature and high humidity, and light for a long time, the 
effectiveness of raising practicability as industrial materials and expanding a field of 
the invention is greatest That is, it is usable for applications covered extensively, 
such as rubber reinforcing materials, such as members for incised wound-proof, such 
as members for shocks resistant, such as tendons, such as tension members, such as 
a cable, an electric wire, and an optical fiber, and a rope, and cartridge-proof material, 
and a glove, a belt, a tire, a sole, a rope, and a hose. 
[0060] 

[Effect of the Invention] 

According to this invention, it made it possible to offer the polybenzazole fiber which 
has high endurance under conditions and an optical exposure whenever 
[ high-humidity /temperature ]. 
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ico«|{c LTMig$ti,S#y v if y - A- fft ft| 14 ± IB (d 12 ft L i§ o , 3£ ft ft t'co^;^^ 
tttcffiti, 3> o if iffc ft t, *6 , H * <7> ffl j& f£ffl £ ft T •£> ^ , ig'ip, ^bt-tttBco 

|n)J:A ! S4iiTj3 U „ ^ic:, * ffl *» o » a ft t K ft ■# IB * * £ H » o -c fc 3ft ft 

3c # k m ft -t z> r. t ^ x* # 5 jk y v if y - ^ m *t ^ % < a 4 n x ^ 5 „ 

[ 0 0 0 5 ] 

Tlc*^W*»SnTtiS«(ST<©/h*v^y'<>-!fy->'U««tSr»Wi-5-i : -cj(,5 1> 
[ 0 0 0 6 ] 
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[ 1SS JH £• Wfr-t 3 fc tf> <n^f$z) 

j& # » u m •» 2 o o °c ^ ± co m m m t± t? & •? us & t- m m -r z> ft m m n x- , #juh 
^ y U y m , ^^n^>T = >-^, ^rt^ y kvs, tut i? * * w ^ m * & <P ^ ft it 

t(-<£ "9 , fiS8 0 < CtB*fSiS8 0%#H^TT' 7 0 0 Bf Pfl * gg L t& CO 31 3ft & 
Sffi^fiiSsyoKlftsri:, £ tci fi , +tyy3ti0 0B$Flili(O3IS(Sjt$ 

IP *> s * |g 0^ (i T 12 CO * fife 7> ?> & 5 „ 

1. S« 8 0 *B *HI * 8 0%llSTt*7 0 OB$ra^gL7t^co§l3S!S^»^*/4S8 5 

% si ±. & z> - t ft m t -r -s y v if y - ^ it *t <, 
ie co # y -if i/ - $ m » 

3. jfft # ft? ?fi ^ # 2 0 O t C^_hcOi^»^t4T-fc'9ii;^('^«?-r5^-^M^^|K*t4'(r^A/ 

tv^s: t^^fits ± is m i <d y ^ >■ y — /u mm o 
r t & %t m t ^ z ±mm i m m. en }) s< > -f - ju mm <> 

5. mm<p^^ft zttzmmmfttf^ v ; ^sus/xii^ v ^ >mx* h z ^ b & &wl t -t 

SitEmifE^WsKy^vlfy — ywggjf£ 0 

6. ittf l^tSix5|[*«»^7i'B«>r=yaT?fc5; tSr«fitt5±ESllE 

« co y -o if y - jv m m „ 
<r> # y y - /^mm,, 

8 . .mis *■ \z<g ft <* s ^t + f-yyat-jbs r t *&mb -r-5±te® 1 ib« 

co # y if y - m m „ 

[ 0 0 0 7 ] 

* * y k v ss -c *> * . 

[ 0 0 0 8 ] 

; yJV/Xli^!) uvli LTI}, f x y X V 5 y y [ 2 , 1-b: 2 ' , 1 * 
- i ] ^ V y [ 1 m n ] [3, 8]7^^Vhny>-— 8, 1 7 - ^ t y , If X y X -l' 
5 ^ y [ 2 , 1 - b : 1 ' , 2'-j]^>y[lmn] [3, 8 ] y x. -T y h n y y - 
6, 9 - v> y , 2, 9 - If (p-> h*J"<yi?^) T y h 7 [2, 1, 9-def 
:6, 5, 10-d' e' f ' ] i^-f y^-y !) y - 1, 3, 8, 10 (2H, 9 H ) - y- 
h n y s 2, (p-i KV^V-y/W 7^1-7(2, 1, 9-def: 6, 5 

, 10-d' e' f'D^-fy^r/y^-l, 3, 8, 10 (2H, 9 H ) - <r h u y % 

2, 9 - f ^ ( 3 , 5-v ? y^/l--<Vv J ^)TVh7[2 > 1, 9-def: 6, 5, 1 

0 - d ' e' f ' ] -^^y^r / y 3, 8, 10 (2H, 9H) - T Y- o y , 2, 

(p-y F^->7i=;V) TV 1-7 [2, 1, 9-def: 6, 5, 10-d' 
e * f ' ] v^ydr/y^-l, 3, 8, 10 (2H, 9H) -^hny, 2, 9 - f X 
(p-i h*y7i=;l') 7V h7 [2, 1, 9-def: 6, 5, 10-d' e' f' 

1 vJ'f y^r/y y - 1 , 3, 8, 10 ( 2 H , 9H) 2, 9-t'X (3, 5 
-■yyf-^7i=^) 7V 1-7 [2, 1, 9-def: 6, 5, 10-d' e' f ' ] i> 
-fy^yyy— 1, 3, 8, 10 ( 2 H , 9H) - °r V a y , 2, 9-v s y.f-^Tyhy 

[2, 1, 9-def:6, 5, 10-d' e ' f»]^-fy*yy>— 1, 3, 8, 1 
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0 (2H, 9 H ) - *r Y n V , 2 , 9 - if * (4 - 7i=/l'7 , /7 i = T ^ b y [2 
, 1, 9 - d e f : 6 , 5, 10-d' e ' f ' ] y ^ y * / !) y - l , 3, 8, 10 ( 
2H, 9 H ) — t- V n v . 8, 1 6-f 7y^H"^ty^^!J,lf 5,ft5„ 

r tt fe o y A>i«)ioSfcii2oKl«)Mfcoffit*Dft5. flp * (4 y y 

f -/-/HcjftLTO. 0 1 % ~ 2 0 % , m £ t < (4 0 . 1 % ~ 1 0 % T? *> 5 . 
[ 0 0 0 9 ] 

©*«i*J ± tflftUn^t ^„ :h6'Oft^ftOJl#«tL-cii, 2 9 H. , 3 1 H - 7 
*n->T = *-h (2-) - N29, N30, N 3 1 , 'N 3 2|, 29H, 3 1H-^^ 
n -> 7- = ^ - h (2-) - N 2 9 , N30, N31, N 3 2 1* , 29H, 3 1 H - 7 ^ n 
->T-^-h-N29, N30. N3 1, N 3 2 = /< /V h , 29H, 3 1H-^^ni/T 
= * - h (2-) -N29, N30, N31, N 3 2 g@ , 2j" * y (29H, 3 1 H - 7 * 
B->7 = ^- b (2-) - N29, N30, N31, N32) , ( S P - 5 - 1 2 ) f- * 
= !)Af *ij)lf * tz. , rnb(?)7?n.i/7=yf i^KBeiiw^nyyjg^, 

;nf>07^n->7 = y8©lo4fci±2oy±oft^|i|©ff fflt j i)! , i 5 s ^ Ap 4 (4 ^ 

y > if y - /H: M L T 0 . 0 1 % ~ 2 L<|J0. 1 % ~ 1 0 % T* 5 „ 

[0010] 

*t^!l K>*fcLTI4, 5, 12-S?tKn-2. 9--^f*^; [ 2 , 3 - b ] T 

if y i? >- - 7 , 14 - v> 5, 12-v?tKndry [ 2 , 3-b] 7?!){?y-7, 

14- v 5 ^" ^ N 5, 1 2 - V s t K n — 2 , 9-v J ynndf/[2, 3 - b] 7 ^ !) -7y- 

7, 1 4 - ^ > , 5, 1 2 - t K n — 2, 9 - i?7* n * + y [2, 3-b] 7^^ 

y-7, i 4-v>tyf ^fcif 

iixe»^-^yy KyI©lotfeli2oElJb©<k^«!©iffltfc!)#5. 35s ;>JQ * (4 * y 

> if y - M L T 0 . 0 1 % ~ 2 0 % , $J * L < (4 0 . 1 % ~ 1 0 % T* fc 5 0 
[0011] 

y^St LTI19, 19-v?ynn-5, 1 5 - v 5 ^ IV - 5 , 1 5 - v? fc K n 
i? -i > K n [2, 3 - c : 2 ' , 3' - n ] M 7x / -^tJft^y, 8, 18-i^n 
n - 5 , 1 5-J?if^/-5, 1 5 — fc J?/f v Kb C 3 , 2 - b : 3 ' , 2' - in 

] hp 7x7i?t*ti?yf is*(f rtit,©-y^^t-yySffl i oifc(i2o£t 

Iroik^ifefflffffltfcO}!?,, SlDlli^y^yf y-;Hc^LT 0. 0 1%— 2 0%, 
£? £ L < (4 0 . 1 % — l 0 % T* fo 5 o 
[0012] 

* fc , k^i, ^D^I^ 7?n->7->I > ^r-7-yy K >- ffl , fciOf^^^f-y 

H #51 ^ ft 0? |*g <g {4 r tb h \Z Rg $ ix 5 t <o T- 14 t£ . 
[0013] 

* B n *s ft 5 * y -<>- if y - m t 14 , jKy^yf^-zu^yv-ioisii^v, 

W * !J ^ y f y* - ;u (PBZ) t {4 , #!) ^y/tift / -/P (PBO) , #i)^y/ 
^T9-,\, ( P B T ) , Jtli#HyX^^-;p ( P B I ) A> h m tfk S 1 m w _k 

, *!) ( p - 7x = wy^yyt^ t + t/-/i.) ❖SS^SJclS-e-Snfc**©^-^^ 
^-^^©#fil[A'f,/i5^y ■7-^£<^jj l5s 15 « (O # * 14 , PBT^PB I |:t 
3S ffl $ 3 „ £ fc , PBO, PBT&tf, JtliPBIOil#lfc, PBO, P B T P 

b i OT-B^nuii^yyAn^yT-^roi^iroSfciu^EtlrojKy^yf 
✓ -/W#!>T-«>Sa-fc, 3 ^ y ^ _ ^ 7u,^Pt-^^5 0 *? £ L < f4 , * y 

if y - /hj , & m <p . 4$ jfe * * t* n a & * j* -r s 9 << * v n tr ^ ^ » ^ B # y - -e $> 

[0014] 
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a> ?> its* $ ax 5 o ^f^^y^-i±*it^: (a) ~ (i) ke***i,tv^s* y -^-^^ 




[001 5 ] 

y > if / — m m « s jKy^^ifv^ — # y — <omw. (pb z#y v- k-/) ± 

yy>^, ^^v^/w^vgsfcitjtssai^cDSitKfcs v « * ti b <n m & m & if ix z 0 
t<D<px- h# v y ^istf * 9 v * * v » a* , * t> # £ l < (4 # y y v B£ r- & 5 0 

[0016] 

K-^4»<OsKy-^-««fi, 1-30%, *? * L < 14 1 ~ 2 0 % T* ifc 5 . * * Wk £ 14 , 0ij 

v ^ - <Dmm&^ h'-7&m t timn±<D & v m\,^&ic x v wife z ti % 0 ^ ^ 

<b © pg # g h <s> & tc , # y T-»ft(4ii«T*i4 2 oii%^ix5; £ (4 ft ^ 0 

[0017] 

eUtlfWo 1 f e 5>(0*B»?FS 4, 533, 6 9 3 f MS ( 1 9 8 5. 8. 6). S 
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y b e r t t, <D*mmm$% 4 , 7 7 2, 6 7 8 fS|| ( 1 9 8 8. 9. 2 2 ) , H a r 
r i s <£> * H # «F £5 4 , 847, 350-§-^iifflS(1 989. 7. 1 1 ) £ fc |i Greg 
ot y?)©*l#fff 5, 089, 5 9 1 (1992. 2. 18) K IB igc £ *t T 

[0018] 

M£ » J* 3 *t 5 . tt*K3*^fc##:fcitt^#BlttIir#5, 0 3 4, 2 5 0 ^ 

9!»»fc1B*$*LT^* Q #A * P ± £ fcb K - ^ 14 ilfr * P & £ gfe ft * * ffl co £ A -5 . 
i tf> 5£ TO fi ^'^^^^^'>^t^f4*ftTl^3# s ,?g^T , fc5j&i|{AftV' > <) - © TO (i ° 
^^^rl^^i-S - tm < , o , K - 7" k & £ L ft v> ^ AC -c M fc $ t v> 5 & ^ jJJ $, 9 , 

[0019] 

* l t , h m & $ aai^BftYb^hy^A. *iMfc: # * a , y 

llil-CMJh, lit A/t'O^Ittii§ti5o ^ C T- ^ 5 Sfe # i fi , *K y if V 

Mi , »4L<IJa9tt*l*# 8 0 0 0 ppmHT, I t»S L < li 5 0 O O p p m» 
[ 0 0 2 0 ] 

wtLfCj; 9 , ?U^8 0 t: *B *j- S ft 8 0»/.flgTt- 7 0 0 B# TO & & L ^ CO ?| 3ft & £ ^ 
**«8.5%«±Sr*fiK-C#5. £ i T* n 5 * «jt « «• ti stT & co r i: < 2 0 0 *C 

± X- *> «3 , at:®EK:*gft?i-3t>cor*;fc!K if*L<(i j eco^-?1g3t>t I ^-N = S.t>*/XI4 

7 = y «- *t#y K^l, * tz fi i? * * v? v « fc 5 . * fc . & m k fi , ^ * > * 

^*v^4 7ti4jf?y y >- s£ r- $> 5 „ 
[0021] 

co a -s- co ^ -r h co m vtk % iz f* m m t b# co # y -r — k — y co m Pi t? * £ -a r a? -e # 

*)t{4 — ^#?aJS^-CjaSSr±tfTSlC$*TV^5tt7Sco^^-e^*Di-5^i£, £ tz. , fi 
[ 0 0 2 2 ] 

-/w»?«(c>F)-LT8 0%K15rtLTio!l, ftfttelt t 5 * J -7 ^OB»f ttjKc^ 

o 

[ 0 0 2 3 ] 

m<D®n%imv i&r 1- z z t i>]$ < , a » « » * n 5 r t t- *> 5 . * & , « * n# co m 
5 y c * . jk y - k - t- t l t ^ 5 * t mm $ n 5. 

* 5 2 0 %Sr«^?, t 7 7^ > h*«©*ait?«lJMro*»«*s(S< ft -5 fc tb # * L< ft^^ 

o 

[ 0 0 2 4 ] 
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* m w m % y ^ ^ ^ y - ,umm <7> m = <o t& m . »7tttcoft± mut. # y ^ 

« 7L ti , # y ( p -7x^ i/y-iy/t*^ t^rt /-yv) gg# © # -a- , ttyy^lOO 
l» III M It 4 9 , ^©3ISli^»!§tlc»LTfil 5-3 0%iflSTt-5„ r jx (c *j- L 

«■ « » 5fi S 14 «0 M » * \Z M b T 5 0 % _h , » * L < 14 7 5 %a±§» Lt^ 5„ 
[ 0 0 2 5 ] 

.lc»fc5HTV^5t» 4 itl^oilfiaTli:fttllli»*tLtt^a»6o*IjitdS^!>/«{ 

> if * - /u # -y- tc pj it l < < o ?s g <6 t jg r ^ ic < < & 3 co fo 5 v , j* y 

[ 0 0 2 6 ] 

i)tttl:o^tt,lSffl;H!f 15, m m f» tt * «ft «■ co «K IE n , S 3t 3b * K J: 0 ft J» 

w as « «i $ *v 5 co a> , *■ *: tt , ^fiSWiciijibeLfc^y-oify-^^^^jatj^sjs 

RitStCi', fc5VM4. t ©ilf^ffl « ic 4 D 3§£ b ft 9 i? D A* ZMVl b T 

[ 0 0 2 7 ] 
[ * * « ] 

KTfc»«r*J8v^t*»Hfc**iiifcRBt5a!, * |g (± t t ± 9TB©*JfcWfc.fco 
T #J PS & S ft 5 t, © -C 14 ft < , W & 15 co £ K a * b # 5 «S ffl T S £ £ JE fc Jp ^ x H J6 

[ 0 0 2 8 ] 

f¥ ffi 7? 8H4 , jy,TcoJi(9T*fc.5 0 

i«5 S *> o S S ft T lc *3 it 5 & « {£ T co If ffi (4 , |gi 0 c m w»f 1 1« ^ f # ^ it « 

«-ceiaeffl»*-e»»a»oj«sa^'if*i3Lj!i:«, ty^/nr^ o a) t> * a. t §i 

STfroftfltitlitv hSflilHum i d i c Chamber 1 G 4 3 M «r ft 
ffi b , 8 Ot, ti^IS8 0 %C^#TCT 7 0 0 ^BJai^^jSLfc. 
[ 0 0 2 9 ] 

^14 . J I S-L 1 0 1 3(CipCT?l5S^^^ ( 8,mM<¥mM. ISAG-5 0 K N G ) 
[ 0 0 3 0 ] 

(7^y.y7 P XPW1 404/DY68 5) S: ffl V% T i» ^ b', t^^AlSttl' 
[ 0 0 3 1 ] 

rTR^^-fe/^T-^^^^-^-^-^ - (rh^ttl, f^C i 3 5A) 
^rttfflb, 4l7i/-Ai;7-f;PAtBSLti!iI(:ty H, fl 7 -f-^ - 5 ^ |: 
^l^^/^-^^l^n^^-h, ^ ^ ^ S ^ftffl b , ScWJR* : 0 . 3 5 
W/m2 (a t 340nm) , 7 7 v ? * M. & : 60 C C±3 C C, - 5 

o % ± 5 % -e i o ommmmmtizn^tt. 

[ 0 0 3 2 ] 

m * : 74 7 * > h'&tf 1 1 . 5 u m , 1 . 5 x = - /He fc 5 4 5 4 * {4 T* ft * * ff o 
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o *fr * tfi IS. 1 7 5 °C X 7L 1 8 O u m , 7LS 1 6 6 (O / X/l-^f, 7 7 ^ > h 5r 1 S /j: 

8> * 7 X A- £ m 1 Sfc m <D m <0 T * -t y 7° tC (4 % i 9 ^-iifit f 7 ^ 7 ^ 7 h ^ ?| § 
#tf J n?> <t 9 IC^x7f f Y y^-Sr^f Lfc 0 x T ^ f >- 7"" -ft li-3 0cmtLfc„ 6 

*fi**3 0 t 1_ fc „ ^y^O-TV-^ > 1ft * £ # 6 0 0 0 p pmKTI: 

4 * * -C * ?5fe L fc „ . £ lb . 1 % N a OH*^«T* 1 0fJ>KJrfJfpLfc«3 0 g> « tK gfc ft , 
2 0 0 tt3^raKHL-.t 1 * & * <tf # * * o fc . 

1 0 0 3 3 ] 

( % m m i ) 

g * ^ iSE T , 4, 6-^75;v7*7;-;H$|S 3 3 4. 5 g, v i U7^/-U'^2 6 

0. 8 g , 122%;Kyy>-®?2078. 2 g ?Sr 6 0 tf 3 0 Lfc8 v i*c< 5 

t#Ilt 1 3 5 *C T' 2 0 W , 1 5 0 *C T' 5 8f FpS3 , 1 7 0tf2 0 Bf K J£ it L JO „ 

# e> tt 3 or^^ * v x a- * >.m i&mT'mfe\-tzmm&mtf 3 o a l / g <o y ( p - 

7 x. ~ U y<y V \f * * y — /U ) K — 7° 2 . 0kgC29H, 31H-7^oi>-r = 

* - h (2-) - N29, N30, N 3 1 , N32^15. 2g^^ADLTtt^^-^Ufc 

(8 Ot, 8 0RH%) :feJ;tF3te«»Klfe4:fTofc*&*«:*lKjj*i- e 
[ 0 0 3 4 ] 

( m m m 2 > 

% m W 1 i Kit lc Lt#?>tifc@t¥X 2 9 d L/ g ro#!J (p-7;c = ^>---<Wb-x 
^- df y — ) K - 7° 2 . 0 k gtlf^'CyX^ *y / [2, 1 - b : 2 ' , l'-i] 

^ V [ I m n ] [3, 8] 7xt7 h b y 7 - 8, 1 7 - v> >- 1 5 . 2 g i^SJllLT 
it^JS-g-Lfc. ^rcoft, HtJ^O^&tciti^^Ufc r CO «t 5 I- L X # b * co iS. RS 
■« £ # * I* * (8 Ot, 8 0RH%) fciOSTtil^S^tTofclSl^S l Ic^t. 
[ 0 0 3 5 ] 

(mmm 3 ) 

Mt&m i t m&iz. l x % e> tt it @ * ^ * 2 .9 d l / g <o # y ( P -7i=i/7'<7ytx 

7"-;v) K — 7° 2 . 0kg ic 9 , 19-i?^nn-5, 15-v ? ^^/v--5, 15 
- t K n -f V K n [2, 3-c : 2 ' , 3 ' - n ] hy7^7^^^r7-v 5 V15. 2 

gSrSSapL-catWsja^Lfc. <D ft , saJ6ro^8feK«t9j|Sf*Lfc. : J; 9 Ic LTifeU, 
fc^^iiif&iitiSS^fflSlfc ( 8 0 8 0RH%) *i «fc ft # & I* H^fofcfcSmSr^ 1 

^ "T „ 
[ 0 0 3 6 ] 

( % % m 4 > 

^ If i5?C T\ 4, 6 - v> T $ / U ;/ A- 7 — /HSil 3 3 4. 5 g, f 7 7 ^ /!/ ^2 6 
0. 8 g , K-^^yX^ 5^5/ [2, 1 - b : 2 ' . 1 ' - i ] y -/ [ 1 m n ] [3, 
8]7^^-^hay^— 8, 1 7-yt7 1 9. 4g, 122%*?yyv^2078. 2 
g & 6 0tT3 0#IBJ*#L;fc8K ^>o< 9 i#lLTl 3 5tf2 0B#ffl, 1 5 0°CT' 

5 m FdK 1 7 Ott-2 Oil^gftt Lftfc. 3 0 °C CO y * V X A- * V & & T* S'J 5g L £: @ 

fl" *i ft # 2 6 a L/g co * y /■!77i-77^7/t'^t + ty'-^©!jfyv - k — 7° £• 

iuifico^}£{cJ;t?IS*L.7t 0 rcoi^l-LTWettfc^coS^affiS^i*! 1 ^^ ( 8 0 t , 

8 0 R H % ) *5itr**JIK»S:ffo^iKr*S:*i{c*i-. 
[ 0 0 3 7 ] 

( * m 0iJ 5 ) 

^H^SfET, 4, / l//;l-7y-;Hlii 3 3 4. 5 g, 7"U-7^/U^2 6 

0. 8 g , 29H, 3 1H-7*P->T~^-h (2-) — N 2 9 , N30, N 3 1 * N 

32^19. 4g, 122%#yyv^2078. 2«r6 0'CT3 0#|l|]flt8*Lfc«, ^> 

o<t? ( i:#mLT135 < CT'20B$W, 1 SOtfSftl, 1 7 0 tf 2 0 H felSlSt L 

nbtz c 3 ot©^ ^ v x >- m. m m x- m & l ti m * *s« *5 2 8 d L/g©*!)/^?! 
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iat#f,hfc*c|figgS«f^i (8 CC, 8 0 R H % ) JoiOt*iIKS^fro 
[ 0 0 3 8 ] 

( HJ6 M 6 ) 

ii^ST, 4, 6 - S U >f /U is / — 3 3 4. 5g, ^U7^/U^26 

0. 8 g , 7^n->T->-^y->19. 4g, 122%^yy>®f2078. 2 g £ 6 
Otf 3 O^^I#L/;t, tp o < 9 t # a L T 1 3 5 *C T* 2 0 B# RQ , 1 5 0 "C t? 5 . R$ RS] 
, 1 7 OtT'2 OltPISUtLftf;, 3 0 Xl CD * ? ^ X ;\s > m m & X M l£ Tz W # Ig. 
*2 8 d L/gW#!J/'!77i=vy'<y-/ifxt^t > /- ;v © # !) v - K— ^ £: if} i£ co 
5tt#Lfc. rroi 5 l;Lt#f,tit*oiiiiftiS«f (8 ot, 8 or 
H%) J3±t;)tI8M^?:tTofcgS?rSii:$t. 
[ 0 0 3 9 ] 

( m m m i ) 

^ St M ftc T , 4, 6 -i?7 5 ; V , /;Pv'y-;Hl8l 3 3 4. 5g, <r u y ? ;u |2 6 
0- 8g. 5, 1 Kd-2, 9--;^f;K; [2, 3-.b]'7*I>^>'-7, 

14-v?^->19. 4 g> 12 2%*!)!)>S 2 0 7 8. 2 g^r6 Ott-3 0^il)$L 

7t & , <4> o < 9 i#SLT 1 3 5 <C T? 2 0 B# M % 1 5 OtfSfifl, 1 7 0 <C T* 2 . 0 B# ffl 
3 0 < Cco^ ; ?>-x^^>-®f^^T'aiJ*Lfcia*^A^24 d L/g©*!) 

& ? ^\^x%hfttz&<Dmum s m&.&mu.m (sot, sorh%) *s £ t/ * * » « 

gfe £ -fx o m £ 3t 1 l-^-f-o 
[ 0 0 4 0 ] 
( * J6 #J 8 ) 

ilSST, 4, 6-i^75;i/yA'i//-/Hi8i 3 3 4, 5 g, 7V7?*|2 6 
0. 8 g , If^^^X^f?^'/ [2, 1 - b : 1 ' , 2 * - j ] V ✓ [ 1 m n ] [3, 
8] 7^-hVhoyv-6, 9 - t y 1 9 . 4 g , 12 2%#!)!)V» 2 0 7 8. 2g 
£6 Ott'3 0»««jtLfc* > ,iJio< 9 t#SLT 1 3 5tf2 O^ffi, 1 5 0 <C T- 5 
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